A method for rapid detection and identification of hyperthermophilic archaea of the family Thermococcaceae based on PCR amplification of 16S rRNA gene fragments with primers TcPc 173F (5-TCCCCCATAGGYCT GRGGTACTGGAAGGTC-3) and TcPc 589R (5-GCCGTGRGATTTCGCCAGGGACTTACGGGC-3) was developed and used for identification of new isolates.
caceae at the site of interest exhibit mismatches with primer TcPc 173F in positions 1, 2, and 4, counting from the 3Ј end of the primer, and mismatches in positions 1 and 4 with primer TcPc 589R; this should be sufficient for reliable discrimination. However, in higher-level consensus sequences of Archaea and Bacteria, the above-mentioned alignment positions were strongly degenerated (occupied by Ns), making final conclusions on the primer specificity impossible. Therefore, assessment of the affinity of candidate primers for individual sequences of SSU rRNA genes was performed with individual 16S rRNA gene sequences of Thermococcaceae and individual SSU rRNA sequences available from RDP, release 8.0, in the aforementioned files SSU_Prok.gb and SSU_Euk.gb. The candidate primers were applied to all sites (taken with a 1-nucleotide step) of all sequences (with the help of a specially written program with a straightforward algorithm). The affinity of a primer for a particular sequence was expressed in terms of the number of mismatches and of the total weight of mismatches recorded for the sequence site exhibiting the highest affinity. Weighting of mismatches was undertaken because the discriminating ability of a mismatch in a 3Ј-to-5Ј exonuclease-free reaction mixture is higher the closer the mismatch is to the extending (3Ј) end of the primer (see, e.g., references 7 and 8). It was performed with the geometric progression formula w i ϭ w 1 ϫ q
, where w i is the weight of a given mismatch, w 1 is the weight of the 3Ј-terminal mismatch, i is the position number of the mismatched nucleotide (counting from the 3Ј end of the primer), and q is a coefficient specifying the decrease in the mismatch weight with each step from the 3Ј primer end to the 5Ј primer end. The value of w 1 was chosen in such a way as to make the average value of the weights of all possible mismatches equal to 1. This condition is fulfilled if the weight of the 3Ј-terminal mismatch is specified as
where N is the total number of nucleotides in the primer. Thus, the formula used was as follows:
(1)
Three variants of formula 1 were used, differing in the q value (0.95, 0.9, and 0.85). In silico testing of a number of candidate primers led us to choose the primer pair TcPc 173F-TcPc 589R, since these primers exhibited low affinity for nontarget sequences in terms of both unweighted mismatches and mismatches weighted by any of the three variants of the geometric progression formula. Apart from a few environmental clones of 16S rRNA genes, the nontarget organisms exhibiting the highest affinity for the forward primer were Archaeoglobus fulgidus and Acidianus infernus; Acidilobus aceticus was the organism showing the highest affinity for the reverse primer, and Archaeoglobus fulgidus exhibited the highest affinity for the primer pair (Fig. 2) . These cultures were used along with other negative controls during in vitro verification of primer specificity. In specificity tests, the annealing temperature was varied from 65 to 75°C. A single PCR product of the expected size (about 400 bp) was produced on the DNA of all Thermococcaceae strains at all annealing temperatures tested except 75°C, at which no amplification occurred. No products were formed on the DNAs of negative controls in the entire range of the annealing temperatures tested. For further work, the annealing temperature of 72°C was chosen as providing a safety margin for primer specificity.
The proposed primer pair TcPc 173F-TcPc 589R was used for identification of hyperthermophilic isolates maintained at FIG. 1. Primers TcPc 173F and TcPc 589R and the corresponding sites of consensus sequences of 16S rRNA genes of organisms related to Thermococcaceae and of consensus sequences deduced for Archaea (without Thermococcaceae) and Bacteria. 173 and 589 refer to the locations of the sites in the 16S rRNA molecules (Escherichia coli numbering). The percentages show the consensus levels. ϩ and Ϫ, plus and minus DNA strands, respectively. Mismatches are in lowercase. The site 173 to 193 is highly variable among Bacteria and Eucarya, including variations in size; therefore, the consensus for Thermococcaceae in this region could be compared only with the archaeal consensus. The site 589 to 618 is highly variable among Eucarya, including variations in length, making comparison with Eucarya at this site impossible.
FIG. 2.
Negative controls that were deduced to be the most appropriate for the primers TcPc 173F and TcPc 589R. ϩ and Ϫ, plus and minus DNA strands, respectively. Mismatches are in lowercase. The numbers of mismatches and, in parentheses, the total weights of mismatches according to formula 1 at q ϭ 0.9 are specified on the right. . Identification of strain SB611, isolated from a North Sea oil well, as a representative of Thermococcaceae provides additional evidence of the presence of these microorganisms in high-temperature oil reservoirs (15) . The sequence of the strain SB611 amplification product (GenBank accession no. AY591754) showed 99% similarity (BlastN) with that of T. litoralis.
